• Peptide bond (same approach used by Kollman et al. In AMBER) • Alkyl bond
The building block approach over the whole molecule approach: + Drastically decrease the CPU time required for geometry optimization and molecular electrostatic potential (MEP) computation + The optimized geometry of the conformation(s) of each building block is fully defined and controlled + Intramolecular hydrogen bonds are discarded from charge derivation to avoid overpolarization effects + A large set of analog molecules can simultaneously involved in geometry optimization and in charge derivation stages to obtain a force field library (FFTopDB) -Need to choose carefully the correct building blocks (not easy).
II. How to choose the building blocks?
-Few rules to apply depending the chemical bond 
FORCE FIELD TOPOLOGY DATABASE
Linear and cyclic nonionic detergents
PARAMETERS VALIDATION
• Alkyl glycosides (DDM, OG, etc.)
• Alkyl-Polyethylene glycol ether n= 3-14
• Triton x-100 (n = 1-55)
• Sodium (desoxy)cholate, Taurocholic acid
• FOSFEN-9 (m = 2-13)
• Alkyl-N,N,amine-n-oxide (ex LDAO)
• Cetyl trimethylammonium bromide (ex: CTAB)
• ANZERGENT/Zwittergent
• Di-octyl sodium sulfosuccinate (AOT)
• FOSCHOLINE (m = 3-14) (Poly)cyclic zwitterionic detergents
Linear and branched (Zwitter)ionic detergents
• IGEPAL CO-520 (m=9, n=5)
• TWEEN 20-80 (w+x+y+z =20, R = oleate, laurate)
• Alkyl-dimethyl-phosphine-oxyde
• 1,2 dimyristoyl-glycerol m= 5 -13
• MTSEA, MTSET, MTSES
• CYPFOS, OCTAFOS, DODECAFOS
• FOSCHOLINE ISO
• DiCXPC (DiCXPC (m= 5-13)
• Alkyl sulfate (ex: SDS)
More than 90 fragments for more 70 different detergents (m=3-14) (m=3-14)
As an example of parameters validation, we have examined the case of DPC. We performed simulations of DPC micelles using with 54 monomers using a "self-assembled" approach.
• All the simulations were performed with GROMACS (v4.5.3) in PBC, in explicit water, at T=300 K and P=1.015 bar using the Nosé-Hoover thermostat |4,5] and the Parrinello and Rahman barostat |6, 7] .
• Five force fields (ff) were compared: AMBER99SB[8], CHARMM36[9], GROMOS53A6 [10] , GROMOS54A7 [11] , GROMOS53A6 with Berger's parameters [12] with Chiu et al. charges [13] for the three latter ff. The TIP3P water model was used in the AMBER and CHARMM simulations and the SPC water model in the GROMOS simulations. For CHARMM, AMBER and GROMOS-Berger, electrostatic interactions were treated with PME [14] , whereas in GROMOS54A7, GROMOS53A6 runs, the reaction field [15] approach was used instead.
Spontaneous aggregation of DPC monomers into a micelle for the AMBER MD. Micelles were obtained after 100 ns of simulation. The aggregation process for all the micelles occurs in ~100 ns with, at least, two time scales, one fast (tfast < 10 ns) and tslow between ~110 -100 ns.
The DPC headgroup represents ~80% of the total micelle surface exposed to the solvent, not far to the value previously found [16] . The average relative population in trans of the dihedral angles of the choline ether (in blue), the phospho-ether (in orange) and the alkyl chain (in grey). Dihedral show differences between the four force fields, but in all the cases, the gauche +-conformation for the N4-C5-C6-O7 dihedral deduced from 1 H NMR experiment [17] is well reproduced.
To optimize and derive RESP (Restrained Electrostatic Potential) for detergent molecules, we used the RED server [1] and with the building block approach [2].
Membrane proteins (MPs) are amphiphilic in nature. As such, to be manipulated and studied in aqueous solution and to remain biologically active, MPs have to be transferred in a suitable membrane-mimicking environment such as a detergent solution. Unfortunately, there is no systematic way for identifying the ideal detergent for a given MP, and empirical criteria are often used in this undertaking. in contrast to others (e.g. CHARMM or GROMOS), does not provide any specific parameters for detergent molecules used in membrane protein experiments. As a consequence, studying membrane proteins in micellar environment by molecular dynamics (MD) simulations with Amber is not straightforward. To fill this gap, In this context, we have developed using R.E.D. Server [1] a complex FF Topology DataBase (FFTopDB) (i.e. RESP partial charges embedded in a large set of FF libraries) for an ensemble of ionic and non-ionic detergents compatible with AMBER FF and its successive adaptations. Key points of the procedure are the definition of elementary "building blocks" with well-identified conformations as well as the derivation of reproducible RESP charge values. We have tested our approach in case of the dodecylphosphocholine (DPC) detergent, considered as good system to mimic eukaryotic membrane and since it is widely used to study the structure of transmembrane peptides and MPs. Furthermore, DPC micelles have been also used to examine the influence of the micellar environment on the structure and localization of transmembrane peptides of a large ABC MP human multidrug resistance protein MRP1 (hMRP1).
• Peptide structures vs. time and environment.
We have also simulated two transmembrane peptides with a starting helical conformation (TM10: Ac-SAVGTFTW553VS555TPFLVALS 563 TFAVYST-Am and KTM17: Ac-K 1227 GLVGLSVSYSLQVTTYLNW 1246 LVRMS 1251 -Am) from the hMRP1 with the AMBER99SB-ILDN parameters in different environment (e.g. water, in TFE, DPC and dodecyl-β-maltoside (DDM [3] ) with PME The half-ε double pair list approach [18] were used to use the GLYCAM06 parameters for DDM. 
